Pyruvate kinase (ATP:pyruvate phosphotransferase, EC 2.7.1.40) has been partially purified from a variety of plants (4, 5, 10, 11, 15) . Recently, a pyruvate kinase activity has been found in proplastids from developing castor bean endosperm (2) . This activity is associated with the presence of a glycolytic pathway in this organelle (14) . The proplastid fraction may have at least 50%o of the total pyruvate kinase activity in the endosperm (14). It has recently been reported that an isoenzyme of phosphofructokinase is found in chloroplasts (6, 7) and, in general, when an activity is found in a plastic fraction, it is due to a specific isoenzyme for that activity (13) . This report describes the identification of an isoenzyme for pyruvate kinase in the proplastid fraction from developing castor bean endosperm. (3) except that I mm MgCl2 was included in the extraction medium and a 500 to l0,OOOg pellet was prepared. The supernatant from the l0,OOOg centrifugation was used to prepare the soluble enzyme and the pellet was the source of the proplastid enzyme. The 500 to lO,OOOg pellet contains organelles other than proplastids but the pyruvate kinase is confined to the proplastid -fraction (2).
MATERIALS AND METHODS

Preparation
The soluble activity was partially purified before sievorptive chromatography (8) to remove a phosphatase which converted Penolpyruvate to pyruvate in the absence of ADP. Material precipitating from the l0,OOOg supernatant between 30 and 50%o ammonium sulfate was pelleted and then resuspended at a rate of I ml/4 g endosperm in 10 ethylene glycol, 20 mm 2-mercaptoethanol, and 0.02% sodium azide. This resuspended material was heated at 60 C for 3 min. Denatured material was removed by centrifugation. The specific activity of this preparation was approximately 0.12 U/mg (@Umol of P-enolpyruvate/min) and was used for sievorptive chromatography. The proplastid pyruvate kinase in the 500 to 10,000g pellet was resuspended in 10 mm imidazole (pH 6.5) containing 20%lo ethylene glycol and 20 mM 2-mercaptoethanol which solubilized and stabilized the activity. The resuspended pellet was centrifuged at 12,000g for 10 min to remove insoluble material; 80%1o of the pyruvate kinase activity remained in this supernatant. The approximate specific activity of this preparation was 0.14 U/mg and no phosphatase was present.
DEAE-Sephadex A-25 was purchased from Pharmacia Fine Chemicals and was washed with NaOH, HCI, and EDTA as described previously (1) . The gel was then placed in 0.1 M imidazole (pH 6.5) and was washed with this buffer until the pH approached 6.5. This buffer was replaced with 10 mm imidazole (pH 6.5) containing 20%o ethylene glycol, 20 mm 2-mercaptoethanol, and 0.02% sodium azide (to prevent bacterial growth). A column (2.5 x 95 cm) was poured and equilibrated with this buffer. The sample was added in approximately 12 ml and elution was carried out using the same buffer containing 0.5 M KCI. A peristaltic pump was used to maintain a flow rate of 3 ml/min and 4. 1-ml fractions were collected. KCI concentrations were determined using a YSI model 31 conductivity bridge.
Assay. The assay mixture for pyruvate kinase contained: 1 mm ADP, 0.5 mM P-enolpyruvate, 10 mM MgCl2, 45 mM KCI, 0.1 mM NADH, 4 units of lactate dehydrogenase, and 20 mm TES-NaOH (pH 7.5) in a total volume of 1 ml. Enzyme activities were measured using a Gilford modified Beckman DU spectrophotometer and the decrease in A at 340 nm was monitored. Rates were corrected for a phosphatase activity by subtracting the activity in the absence of ADP. All enzyme assays were at 26 C. Protein was determined by A at 280 nm or by the method of Lowry et al. (9) after precipitating the protein with 10%1o trichloroacetic acid.
Materials. MgCl2 and (NH4)2SO4 were obtained from the Baker Chemical Co. KH2PO4, KCI, sodium azide, sucrose, and ethylene glycol were obtained from the Fisher Chemical Co. All other biochemicals and enzymes were purchased from the Sigma Chemical Co. Imidazole was recrystallized from ethyl acetate before use.
RESULTS
Preliminary Studies. The soluble pyruvate kinase is stable and can be heated at 60 C for 10 min without loss of activity. Conversely, the proplastid enzyme is extremely unstable and only trace amounts of activity can be detected when the proplastids are disrupted in 10 mm imidazole (pH 6.5) containing 20%o ethylene glycol. Even in the presence of 20 mm 2-mercaptoethanol which DE LUCA AND DENNIS stabilizes the enzyme, the solubilized activity is completely lost after 3 min at 60 C. To show that the difference in stability is not due to differences in the media, equal amounts of soluble and proplastid pyruvate kinase activities were mixed and heated at 60 C when 50% of the activity was lost after 2 min and the rest was stable for 10 min. The soluble enzyme is active over a wide pH range and has an optimum pH of 7.4. The particulate enzyme is inactive below pH 7 and has an optimum at 8.1 at which pH the soluble enzyme has 50% of its maximum activity.
Sievorptlve Chrtography. The elution profile of the partially purified soluble pyruvate kinase from the DEAE-Sephadex A-25 column is shown in Figure IA . The activity eluted from the column reproducibly at a conductivity of 3,500 smhos. Soluble pyruvate kinase activity in crude preparations also eluted at the same ionic strength showing that purification had not changed the enzyme. Occasionally the single peak of activity was resolved into two peaks but the significance of this has not been determined. The solubilized proplastid enzyme eluted from an identical sievorptive column at a conductivity of 6,000 pmhos. Only 20% of the applied activity eluted from the column which is probably a result of the instability of this activity (Fig. IB) .
To show that the elution of the two activities at different ionic strengths is not due to different components in the extracts, 3.8 units of soluble and 7.1 units of proplastid pyruvate kinase were mixed and added to a sievorptive column identical with those described above. The activities eluted as two peaks at ionic strengths identical with the soluble and particulate activities ( Fig.  2A) . To demonstrate that the activity eluting at 6,800 pmhos (PK2) was the proplastid enzyme, the column was reassayed at pH 6.9. At this pH the proplastid enzyme is almost inactive and only a trace of PK2 is seen compared with the peak eluting at 3,500 ,umhos (PK1) (Fig. 2B ). Conversely at a pH of 7.9 PK2 was increased relative to PK1 (Fig. 2C ). This shows that PK, is the soluble pyruvate kinase and PK2 is the proplastid enzyme, and they can be separated by sievorptive column chromatography.
DISCUSSION
The data presented in this report have shown that the pyruvate kinase activities associated with the soluble and proplastid components of the developing castor bean are due to isoenzymes which can be separated by sievorptive chromatography. The soluble enzyme is similar to the enzyme from other plant sources (4, 5, 10, 11, 15) , which is stable at 60 C (10, 15). The proplastid isoenzyme is unstable and cannot be solubilized without high concentrations of 2-mercaptoethanol being present. The isoen- 
